Back injuries to the lifters caused by lifting remain a common occurrence not only in developed countries, but also in developing and undeveloped countries. Asymmetric lifting task, combining lifting, bending and twisting motions of the torso, is more harmful to back spine than symmetric lifting task. Snook and Irvin 1) first developed the psychophysical approach to determine human maximum acceptable weight of lifting (MAWL) for preventing lifters from sustaining back injuries, and this approach has been adopted in various lifting conditions. Ciriello et al.
Back injuries to the lifters caused by lifting remain a common occurrence not only in developed countries, but also in developing and undeveloped countries. Asymmetric lifting task, combining lifting, bending and twisting motions of the torso, is more harmful to back spine than symmetric lifting task. Snook and Irvin 1) first developed the psychophysical approach to determine human maximum acceptable weight of lifting (MAWL) for preventing lifters from sustaining back injuries, and this approach has been adopted in various lifting conditions. Ciriello et al. 2) indicated that the psychophysically determined MAWL data could be applied to a general work day for task frequencies of 4.3 lifts/min or lower.
Very few papers reported the container effects on psychophysically determined MAWL, especially for asymmetric lifting. This study examined the effects of lifting frequency and container on psychophysically determined 4-h MAWL for 90-degree asymmetric lifting tasks from floor to knuckle height (approximately 74 cm). Additionally, this study compared the MAWL data with the recommended weight limits derived from the revised NIOSH lifting equation 3) . It is hoped that these MAWL data can help designing asymmetric lifting jobs for reducing the severity and frequency of overexertion injuries and improving productivity.
Ten young healthy and lift-experienced males gave their written consent form for this experiment. Their mean (SD) age was 20.0 (0.5) yr, weight was 62.7 (8.0) kg, and height was 170.0 (4.3) cm.
A two-factor factorial design was used to examine the effects of lifting frequency and container on participants' MAWL capability in asymmetrical lifting tasks. Three lifting frequencies, 1 lift/min, 2 lifts/min and 4 lifts/min, and three containers (length*width*height), 70 × 35 × 15 cm, 50 × 50 × 15 cm and 50 × 35 × 15 cm were selected. The three containers were designed for examining the effects of container's length (frontal plane) and width (sagittal plane) dimensions on participants' lifting capability, with the 50 × 35 × 15 cm container as a comparison basis. All three containers had a false bottom and were provided with secure wooden handles on the upper middle half of the container width sides.
The psychophysical procedure for determining the participant's MAWL for 90-degree asymmetric lifting followed that of Snook 4) . Each participant tested all nine (three frequencies × three containers) possible experimental conditions in a random order. The initial weight (lead shot) inside the container was randomly assigned and fully balanced. The angular definition for the 90-degree asymmetric lifting followed the previous studies 5, 6) . For performing a 90-degree asymmetric lifting, the participant flexed the knees, twisted their trunk and lifted the container located 90-degree right to his sagittal plane from the floor onto a 74-cm height table in front of him, monitored with a pace timer which generates an audible signal for the participant. The horizontal distance from the table edge to the middle of initial ankles was 90 cm and the participant was permitted to take one or two steps as needed for body stability while placing the container onto the table. As the participant lifted the container onto the table, an assistant manually replaced the container in its original position for the next cycle. The participant was asked to imagine that he was performing a 4-h piece-work period, and was encouraged to adjust the weight (by adding or subtracting lead shot) inside the container to the maximum that he could accept for the 4-h period without strain, or being discomfort, tired, weakened, overheated, or out-of-breath. The psychophysical weight adjustment period lasted for 30 min and at most one experimental condition was tested for each participant in a day. Before formal experiments, each participant was given a 2-wk training period to familiarize the psychophysical weight adjustment procedure. Table 1 shows the means and standard deviations of MAWL for all nine experimental conditions. The analysis of variance indicated that the effects of participant difference (F 9,72 = 13.9), frequency (F 2,72 = 135.6) and container (F 2,72 = 48.5) on MAWL were significant (p<0.0001) while the interaction effect of frequency and container on MAWL was not significant (F 4,72 = 0.38, p>0.8198). The nonsignificant interaction effect of frequency and container on MAWL simplifies the data explanation. 7, 8) studies, while was higher than the 7% decrement reported in Mital and Fard 9) study. The reason for the decrement with lifting frequency may be primarily due to increased handling of the body weight 10) . The MAWL decreased with container width or length dimension due to a longer moment arm from the load to shoulder or low back. The MAWL decreased by 1.6% and 9.4%, averaged across the three frequencies, for 70 × 35 × 15 cm and 50 × 50 × 15 cm as compared with the MAWL of 50 × 35 × 15 cm, respectively. Duncan's Multiple Range Test indicated that the MAWL of 50 × 35 × 15 cm container and of 70 × 35 × 15 cm container did not differ significantly (p>0.05) from each other, while they differed significantly from the MAWL of 50 × 50 × 15 cm (p<0.05). As noted in the introduction, very few study reported the effects of container dimension on MAWL for asymmetric lifting. Garg and Badger 5) reported the MAWL of asymmetric lifting in three container widths (25 cm, 38 cm and 51 cm), showing the MAWL decrement was 9.9% as container width increased from 25 cm to 38 cm; and an additional MAWL decrement . Possible reasons to the decrement differences may be attributed to racial differences in physique and other experimental variables, including a very low frequency (0.2 lift/min) and a higher containers height dimension (25 cm) in Garg and Badger 5) study. The MAWL data of this study were further compared with the recommended weight limits derived from the revised NIOSH equation 3) . Though the factor of container width in this study can be considered as the horizontal multiplier in the revised NIOSH equation, the factor of container length in this study was not considered in the revised NIOSH equation, possibly due to very few previous studies examined the factor of container length (such as 70 cm long in this study) on human lifting capacities. Hence, we only compared the MAWL data for 50 × 35 × 15 cm and 50 × 50 × 15 cm containers with the recommended weight limits derived from the revised NIOSH equation. Table 2 shows the comparison results. In agreement with the findings of Waters et al. 3) , this study found that the recommended weight limits derived from the revised NIOSH equation were generally far lower than the MAWL data in this study. The large discrepancies between the recommended weight limits and the MAWL data can be attributed to at least three reasons. Firstly, the logic behind psychophysically determined MAWL is different from that of the revised NIOSH equation. Secondly, the committee of experts who developed the revised lifting equation used a multiplicative model and chose the most conservative (i.e., most protective) criterion or data values when facing with uncertainty. Thirdly, the revised NIOSH equation estimated a 23 kg load constant that would be acceptable to 75% of female workers and 90% of male workers under idea conditions (i.e., where all factor multipliers are equal to 1). In fact, though the 23 kg load constant was based on the maximum acceptable weight limit for 75% of female workers, the recommended weight limits were likely to be acceptable to at least 90% of female 3) . Additionally, Marras et al. 11) demonstrated that NIOSH approach and psychophysical approach had different abilities to correctly identify high-, medium-, and low-risk of low back disorders jobs, which supported the findings of large discrepancies between the recommended weight limits and the MAWL data in this study.
This study reported the MAWL for asymmetric lifting tasks in different frequencies and containers. These MAWL data can be referenced in workplace design. However, applying the MAWL data in this study to real work situations demands caution since these results can only be applied to tasks similar to those designs in experiment undertaken here. 
